A comprehensive review of the literature has shown that the treatment of choice for cerebellar astrocytomas has primarily been gross-total resection of the mass and gross-total resection of the enhancing portion of pilocytic astrocytomas. Most large scale studies of postresection survival rates of patients with cerebellar astrocytomas were conducted when computerized tomography (CT) or magnetic resonance (MR) imaging was not readily available. It has been shown that postoperative CT scans or MR images are more reliable than the surgeon's estimate of the degree of tumor resection at the time of surgery. It is not possible, therefore, to make an accurate determination regarding a postresection prognosis based on the degree of suspected tumor resection without the availability of appropriate radiographic imaging. In this study, the authors retrospectively evaluated the treatment of 54 patients with cerebellar astrocytoma who underwent surgery at the Mayo Clinic in Rochester, Minnesota from 1978 through 1990. Preoperative and postoperative CT scans or MR images were available in all 54 patients.
time that antedate neuroimaging, [5, 10, 11, 14, 16, 17, 22, 31, 32] prognostication on the basis of these studies cannot be accurate when the degree of tumor resection was ambiguous. In this study, we retrospectively reviewed the outcome of patients with cerebellar astrocytomas who were treated during a period of time when reliable CT and/or MR imaging was available.
CLINICAL MATERIAL AND METHODS

Patient Population
A retrospective analysis was performed on the clinical records of 54 patients surgically treated for cerebellar astrocytoma. All of their surgical procedures were performed at the Mayo Clinic in Rochester, Minnesota. A complete neurological evaluation was performed by both a neurosurgeon and neurologist, pre-and postoperatively, in all patients. Patients were excluded from the analysis if they had received prior therapy. Follow-up review of cases was conducted through a combination of phone calls and mailed questionnaires.
The time frame of 1978 to 1990 was chosen to assure that reasonable-quality radiographic imaging and maximum follow-up review were available.
Pathological Considerations
In all cases, the tumors were primary astrocytomas of the cerebellum. Patients were excluded if, at the time of surgery, the tumor was determined to have originated elsewhere, such as in a cerebellar peduncle or cerebellopontine angle as an exophytic mass. Such groups of patients represent diagnostic groups that are different from patients with more narrowly defined cerebellar astrocytomas. The original slides of the tumor specimens were reviewed by a neuropathologist (J.E.P.) who was unaware of the original histological diagnosis.
Preoperative Imaging
All patients had undergone preoperative imaging which included either CT scanning with contrast enhancement or MR imaging with or without addition of gadolinium. Some patients also had undergone angiography.
RESULTS
Patient Demographics
The patients' ages ranged from 1 to 80 years with a mean age of 26 years. Half of the patients were less than 15 years old, and 75% of the patients were less than 40 years old. There was a bimodal age distribution, with a younger age group occurring between 1 and 15 years with a mean age of 7 years (27 patients) and an older age group between 50 to 80 years with a mean age of 64 years (13 patients). Fourteen patients were of intermediate age: ranging from 16 to 40 years old with a mean age of 27 years ( Fig. 1) . There were 26 males (48%) and 28 females (52%) in the study. In the 1-to 15-year-old age group, there were 11 boys (41%) and 16 girls (59%); in the 16-to 40-year-old age group, there were seven males ((50%) and seven females (50%); and in the 50 years of age and over group, there were eight men (62%), and five women (38%).
Pathological Considerations
The distribution of tumor pathology in the group consisted of 39 cases of pilocytic astrocytoma (72%), two cases of low-grade diffusely infiltrating (nonpilocytic) fibrillary astrocytoma (4%), three cases of Grade III astrocytoma (6%), nine cases of Grade IV astrocytoma (17%), and one case of gliosarcoma (2%). Pilocytic astrocytomas were more prevalent in the young age group. High-grade diffuse astrocytomas were approximately evenly distributed throughout all age groups. Table 1 shows the distribution of tumor types according to patient age.
Presenting Symptoms and Signs
The most common presenting symptoms were headache, nausea, vomiting, gait ataxia, arm ataxia, weakness, diplopia, and dizziness. Objective signs included weakness, long tract signs, arm and leg ataxia, and nystagmus. Table 2 lists the frequency of presenting signs and symptoms. The average Karnofsky Performance Scale [20] score at presentation was 81 for all groups combined. Patients with pilocytic astrocytomas had an average Karnofsky Performance Scale score of 86 at presentation, whereas patients with diffuse astrocytomas had an average score of 80.
Imaging Studies
Fifty-three patients had undergone preoperative CT scanning without contrast enhancement and 49 patients CT scanning with contrast enhancement. Three patients had undergone MR imaging with and without addition of gadolinium. Forty of 49 tumors enhanced when CT studies were performed using contrast agents. Two of three tumors enhanced when gadolinium was added for MR imaging. Table 3 shows the enhanced imaging characteristics in patients according to tumor type. Thirty-two patients underwent preoperative angiography. Table 4 shows the distribution of tumor locations. There did not seem to be any predilection for a particular portion of the cerebellum on the part of any particular tumor type. Two pilocytic astrocytomas and the low-grade nonpilocytic astrocytomas extended into the fourth ventricle.
Thirty-three (85%) of 39 pilocytic tumors were cystic. Of the diffuse fibrillary tumors, one Grade III and two Grade IV astrocytomas and the one gliosarcoma presented as a solid mass. Hydrocephalus was evident in 32 pilocytic astrocytomas, one low-grade nonpilocytic astrocytoma, and four high-grade fibrillary astrocytomas (three Grade IV astrocytomas and one gliosarcoma).
Treatment of Patients
Surgical Outcomes. Overall actual gross-total tumor removal, as documented by postoperative imaging, was achieved in 35 (65%) cases (Table 5 ). Review of the operative reports of all tumors showed that the surgeon estimated gross-total removal in 34 cases. Occasionally, the interface between tumor and surrounding brain was rather indistinct. This often made it difficult for the surgeon to be confident about whether complete removal was accomplished. There were instances in which the surgeon believed that gross-total removal had been achieved when in fact there was residual tumor and instances in which the surgeon assumed subtotal removal when postoperative imaging showed no tumor. Overall, gross-total removal usually was possible when the tumor was a pilocytic astrocytoma. In the one case of gliosarcoma, postoperative imaging revealed no grossly apparent tumor; however, this patient eventually had a recurrence.
Nineteen patients had residual tumor and four patients had true tumor recurrence as documented by postoperative images (Table 5) . Of the patients with residual tumor, two with pilocytic astrocytoma and one with Grade IV astrocytoma underwent surgery within 1 year, and one patient with pilocytic astrocytoma underwent surgery after 1 year. Of the patients who experienced tumor recurrence, two patients with pilocytic astrocytoma underwent surgery after 1 year; the one patient with gliosarcoma and one with Grade III astrocytoma died of tumor progression at 0.8 and 4.1 years postoperatively, respectively.
Adjunctive Therapy. Radiation therapy was administered to six (15%) of 39 patients with pilocytic astrocytomas, one (50%) of two patients with low-grade nonpilocytic diffuse fibrillary astrocytomas, all three patients (100%) with Grade III astrocytomas, four (44%) of nine patients with Grade IV astrocytomas, and the one patient (100%) with a gliosarcoma. In general, the patients in whom tumors were more infiltrative received postoperative radiation therapy because more aggressive surgery was not feasible when the tumor was invasive. One patient with Grade IV astrocytoma did not live long enough after surgery to begin radiation therapy.
Chemotherapy was administered to patients with Grade III astrocytoma as well as the one with gliosarcoma.
Ventriculostomy was required preoperatively in four (10%) of 39 patients with pilocytic astrocytomas. In one of these patients, ventriculostomy was performed emergently because of acute neurological deterioration. Lengths of Survival. In general, length of survival (Fig. 2) was most dependent on tumor pathology and patient age at presentation (Table 6 ). Patients with postoperative image-documented gross-total removal had better 1-, 5-, and 10-year survival rates than patients with subtotal tumor resection. There was a 100% 10-year survival rate in patients who had tumor recurrence and underwent a second operation. Radiation therapy did not significantly affect survival length in patients, regardless of tumor type (Table  7) .
DISCUSSION
The results of this study indicate that the most important factor in survival length in patients with cerebellar astrocytoma is tumor pathology. Overall, patients with pilocytic astrocytomas survive the longest. It is interesting that patients with documented residual tumor had such high 5-and 10-year survival rates. This is most likely the result of the benign nature of pilocytic astrocytomas. Low-grade and cystic astrocytomas have been shown to have slow growth potential. [21] One could argue that tumor debulking yields the same effect as gross-total removal, which may be an important factor in tumor treatment in eloquent areas of the posterior fossa. However, there are numerous case reports of malignant recurrence of tumor in cases of previous low-grade cerebellar astrocytoma, as long as 30 or more years later. [30] In these reports, proper intracranial imaging was not available, so it is not possible to assess whether these cases were true recurrences or whether they were progressions with malignant transformation of tumor. As others have indicated, follow-up imaging is imperative in the postoperative management of patients with cerebellar astrocytoma. [19] The fact that younger patients survive longer may be due to a higher incidence of pilocytic astrocytomas in these patients. As has been shown for other tumor types, younger patients generally fare better. Older patients tended to have high-grade, diffuse, and infiltrating tumors, which are not completely resectable and carry a worse prognosis.
Radiation therapy was not found to be of any substantial benefit in this review, although in a few patients with high-grade tumors some benefit may have been realized. Radiation therapy was used to treat all tumor types during the early years of the study, but in later years it was used only in patients with high-grade tumors.
Experiences gleaned from the literature and these data do not support a need for, or benefit of, radiation therapy in treating any posterior fossa astrocytoma, although some reviews have demonstrated therapeutic benefits, especially in cases of higher-grade posterior fossa astrocytomas. [1, 4, 8, 10, 12, 23, 25] Radiation therapy is not without risk: there are case reports of malignant astrocytomas developing many years after radiation therapy in patients who had low-grade astrocytomas, [27, 34] and the late development of meningiomas in the radiation field of treatment has also been observed at the Mayo Clinic at Rochester.
In conclusion, the optimum treatment for pilocytic astrocytoma is gross-total resection, whenever possible. Even if gross-total removal cannot be accomplished, often long symptom-free intervals following debulking of pilocytic and low-grade astrocytomas do occur. The role of postoperative radiotherapy in these cases is poorly supported, although the number of patients with higher-grade tumors is small. As Cushing [9] described over 60 years ago, the treatment of choice for the low-grade cystic astrocytomas is total removal of the solid nodule of tumor and drainage of the cyst.
